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(54) LASER PLASMA GENERATING METHOD AND SYSTEM THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To continuously form stable high- 
temperature and high-density plasma without damaging 
surrounding optical elements, an X-ray detector and the like by 
flying of fast fine particles from a target material. 
SOLUTION: Since plasma is formed by irradiating a leading edge 
of a high- density injection gas stream formed by heating and 
vaporizing a target material 102 by a light beam 202 for 
preheating with a converged main laser beam 201, the 
generation of fast fine particles by the target material can be 
prevented. After formation of the plasma, broken fine particles 
released from the target material are heated by a light beam 
203 for evapotranspiration timely controlled to be evaporated or 
vaporized, whereby release of the fast fine particles by the 
target material can be prevented and extinguished. Accordingly, 
the fine particles still generated by the formation of plasma by 
the preheating are almost completely evaporated or vaporized. 
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* NOTICES * 
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damages caused by the use of this translation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the laser plasma generating approach which heats this target material and generates the 
elevated- temperature high density plasma by a solid-state and a liquid coming out on the other hand at least, 
and making a certain matter into target material, and carrying out convergent radiotherapy to this target 
material, using the pulse beam by laser as the main laser beam The target material which carried out 
convergent radiotherapy of the convergent radiotherapy point on the front face of said target material, and 
was evaporated on the front face of said target material is added to the plasma-ized plasma production 
procedure using said main laser beam. It has either [ at least ] a target material preheating procedure or a 
particle evapo transpiration procedure. Said target material preheating procedure Prepare the light beam for 
preheatings, and on the front face of said target material, carry out convergent radiotherapy of the 
convergent radiotherapy point of said main laser beam, and it is heated beforehand. Make target material 
evaporate on the front face of said target material, and it is made to blow off perpendicularly as a jet gas 
stream of high density on said front face. Moreover, said particle evapotranspiration procedure The laser 
plasma generating approach characterized by transpiring the particle of said target material which irradiated 
said convergent radiotherapy neighborhood of a point, and was generated by the convergent radiotherapy of 
said main laser beam after preparing the light beam for evapotranspiration and spreading said plasma. 
[Claim 2] In claim 1 , said plasma production procedure at the time of performing said target material 
preheating procedure Convergent radiotherapy of said main laser beam is carried out to said convergent 
radiotherapy point with the almost same optical axis as said light beam for preheatings with the delay of 
only predetermined time from the exposure stage of said light beam for preheatings. The laser plasma 
generating approach characterized by plasma-izing said jet gas stream which blew off by the exposure of 
said light beam for preheatings. 

[Claim 3] It is the laser plasma generating approach characterized by said predetermined time being one 
from 5ns to 100 microseconds in claim 2. 

[Claim 4] The laser plasma generating approach that either [ at least ] the light beam for preheatings or the 
light beam for evapotranspiration is characterized by being a sublaser beam in claim 1 . 
[Claim 5] It is the laser plasma generating approach characterized by being the KURAIO target material 
which cools said target material in claim 1 , and becomes either [ at least ] liquid-izing or a solid state, and 
which is the matter of a gas [ a room temperature ] in inactive chemically. 

[Claim 6] It is the laser plasma generating approach characterized by having the almost same optical axis 
while each of said light beam for preheatings and said main laser beam have whenever [ incident angle / of 
less than 70 degrees ] to a perpendicular direction on this front face in claim 1 on the front face of said target 
material. 

[Claim 7] In the laser plasma generation system which heats target material and generates the elevated- 
temperature high density plasma by a solid-state and a liquid coming out on the other hand at least, making a 
certain matter into target material, and carrying out convergent radiotherapy of the main laser beam to the 
convergent radiotherapy point of this target material In addition to the main pulse laser generator which 
generates the pulse laser beam of high cusp power as said main laser beam which makes said plasma 
generate, it has either [ at least ] a light beam generator for preheatings, or a light beam generator for 
evapotranspiration. On the front face of said target material, said light beam generator for preheatings 
carries out convergent radiotherapy of the convergent radiotherapy point of said main laser beam, and heats 
it beforehand. The light beam for preheatings which makes target material evaporate on the front face of 
said target material, and makes it blow off perpendicularly as a jet gas stream of high density on said front 
face is generated. And said light beam generator for evapotranspiration The light beam for 
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evapotranspiration which transpires the particle of said target material which irradiated said convergent 
radiotherapy neighborhood of a point, and was generated by the convergent radiotherapy of said main laser 
beam after said plasma generated by said main laser beam was spread is generated. Furthermore, one 
[ corresponding to the light beam generated among the optical-system members which carry out the light 
guide of said light beam for evapotranspiration to the predetermined range consisting mainly of the optical- 
system member which carries out the light guide of said light beam for preheatings, and condenses towards 
said convergent radiotherapy point, and said convergent radiotherapy point, and condense in it / at least ] 
optical-system member, The time difference of the pulse irradiation irradiated to the pulse irradiation of said 
main laser beam among said light beam for preheatings, and said each of light beam for evapotranspiration, 
time amount width of face, and laser plasma generation system characterized by having the pulse beam 
control unit which adjusts each pulse amplitude. 

[Claim 8] It is the laser plasma generation system chemically characterized by cooling said target material in 
claim 7, and it becoming either [ at least ] liquid-izing or a solid state that it is the KURAIO target material 
of the gas matter at a room temperature with inactive. 

[Claim 9] Laser plasma generation system to which either [ at least ] the light beam for preheatings or the 
light beam for evapotranspiration is characterized by being a sublaser beam in claim 7. 
[Claim 10] It is the laser plasma generation system characterized by the ability to adjust [ to make condense 
with the almost same optical axis, while said optical-system member has whenever / angle-of-incidence / of 
less than 70 degrees / for each of said light beam for preheatings and said main laser beam to a 
perpendicular direction on this front face in claim 7 on the front face of said target material, and ] said light 
beam for evapotranspiration more greatly than the diameter of condensing of said main laser beam. 
[Claim 11] It is the laser plasma generation system characterized by for said pulse beam control device 
preceding only predetermined time amount to the exposure stage of said main laser beam in claim 7, and 
irradiating the exposure stage of said light beam for preheatings. 

[Claim 12] It is the laser plasma generation system characterized by predetermined time amount being one 
time amount from 5ns to 1 00 microseconds in claim 1 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] On the other hand, a solid-state and a liquid come out at least, and this invention 
makes a certain matter target material. It is related with the laser plasma generating approach which heats by 
carrying out convergent radiotherapy to this target material, using the pulse beam by laser as the main laser 
beam, and generates the elevated-temperature high density plasma, and its system. It is related with the 
practical laser plasma generating approach which cannot do damage to an optical element, an X-ray 
detector, etc. which a high-speed particle disperses from target material, and exist on the outskirts 
especially, and can generate the elevated-temperature high density plasma stabilized continuously, and its 
system. 
[0002] 

[Description of the Prior Art] Conventionally, in this kind of laser plasma generation system, the plasmoid 
of elevated-temperature high density is generated by condensing to the target material which has a solid- 
state consistency, and irradiating at it the pulse laser beam which has high cusp power at punctiform with a 
diameter of 100 micrometers or less. Since the X-ray of high brightness is emitted from this plasmoid, the 
application equipment of this X-ray is put in practical use from the 1970s. 

[0003] Each target material of a solid-state consistency used here is a solid material which makes a subject 
metals, such as copper (Cu), aluminum (aluminum), and gold (Au). Therefore, since the steamy molecule 
and atom of the target material which evaporates by laser heating and exists near the convergent 
radiotherapy point carry out deposition adhesion at a surrounding chamber internal surface, the front face of 
an X-ray mirror in which the X-ray emitted is brought together, the entrance window of an X-ray detector, 
etc., there is a trouble that it is necessary to clean periodically. 

[0004] In order to solve such a trouble, the technique of preparing a mechanical shutter in the space to the 
front face of an X-ray mirror in "Vacuum Science and Technology B3(l) and pp. 1985 [ 258 or ]" by 
A.L.Hoffman and others, and preventing scattering of the solid-state particle to generate is proposed. 
[0005] Moreover, the evaporative gas molecule mentioned above has prevented that even an X-ray mirror 
flows using the means of arranging the buffer (collision) gas field where the consistency by the gas cell is 
big in "Japanese J. Applied Physics 37 and LI 998 [ 147 or ]" by N.Kandaka and others. However, since the 
distance to an X-ray mirror is generally large, whenever [ solid angle / which collects X-rays / large ] cannot 
be taken. 

[0006] Moreover, JP,1 1-250842, A is indicated for the purpose of acquiring the laser plasma light source 
with high conversion efficiency with little debris (solid-state minute debris) on the other hand. The laser 
beam for ablation is irradiated by this proposal by the hollow established in the front face of a solid-state 
target, this exposure — the wall of a hollow — very — a surface part — evaporating — the evaporation matter - 
- becoming depressed — the near inside of inner space, for example, an outlet core, — it comes out, and it is 
made to converge and a densification part is formed. High-temperature plasma irradiates the pulse laser for 
heating, and is obtained by the densification part. Thus, since a densification part is formed by evaporating 
only a surface part very much, with little generating of a particle, this densification part serves as a wall and 
external emission of a particle is inhibited. 
[0007] 

[Problem(s) to be Solved by the Invention] ** while [ rapid ] following on plasma production since an initial 
consistency is a consistency of a solid-state or a liquid when generating the plasma using the target material 
of a liquid or a solid-state as mentioned above — a powerful impulse wave occurs toward the interior of 
target material by the pressure buildup of the shape of a local pulse. On the other hand, after the plasmoid 
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which consists of an electron and ion spreads and disappears in the air, the particle which target material 
was ground with the above-mentioned impulse wave, and produced is emitted in the direction of the 
exterior When large, the rate, i.e., the kinetic-energy consistency, of this particle, there is a trouble of this 
particle colliding and doing a mechanical damage to a circumference side. 

[0008] Ultra high-speed rotation of a shutter is not only required, but by the mechanical shutter, the trouble 
that whenever [ light-receiving solid angle / of an X-ray ] is restricted remains among the conventional laser 
plasma generation system which solves such a trouble. Moreover, in the example of a gas cell, the inhibition 
effectiveness according to gas to diffusion of a high-speed particle with a big momentum is weak. 
[0009] Moreover, in the example which generates a densification part and irradiates a pulse laser beam all 
over the space in a hollow, a question is in practicality. 

[0010] When the target matter of a solid-state target front face which blew off from the surface part as an 
evaporation style perpendicularly very much becomes depressed according to the three-dimension 
effectiveness by the hollow and converges on inner space, it is important for the reason to generate 
temporarily the gas lump of the target material by which consistency compression was carried out. 
However, in order to generate the plasma in high frequency, it is necessary to form the location of a hollow 
with a sufficient precision beforehand so that the incidence of the laser beam can be correctly carried out to 
a target front face. 

[001 1] Furthermore, in order to realize sufficient consistency compression, it is necessary to generate the 
evaporation style from a surface large area to the direction of a converging point, and to reach a converging 
point at coincidence. In order to realize this, the hollow of a semi-sphere configuration is illustrated for the 
cross section, namely, a semi-sphere inside — it is necessary to irradiate a laser beam so that the whole 
surface may be mostly heated to homogeneity Moreover, the hollow of the spherical-surface structure which 
serves as an evaporation style from the surface section of a hollow, and is concentrated on high density is 
required, and these implementation is difficult. 

[0012] Moreover, by the proposal, since what is necessary is just to make only a surface part evaporate very 
much, it is indicated that what is necessary is just to use the big pulse laser beam of peak power by the short 
pulse very much for ablation. However, it is required to make a matter front face absorb the energy of the 
laser changed in order to give kinetic energy to the fusion which makes solid matter evaporate and 
evaporation energy, and the evaporated matter below to picosecond order. Consequently, the big pressure 
pulse of peak power occurs and it is not avoided that this pulse serves as a powerftil impulse wave. A solid- 
state is ground by the impulse wave and produces debris. Therefore, even if it uses a hollow for consistency 
compression, generating suppression of debris is not expectable. Furthermore, in only short time amount's 
existing compared with the generating persistence time of debris, a densification part cannot prevent that 
debris disperses to the exterior of a hollow, when inadequate [ a consistency ] and unstable. 
[0013] The technical problem of this invention is offering the practical laser plasma generating approach 
which cannot do damage to an optical element, an X-ray detector, etc. which such a trouble's is solved, and a 
high-speed particle's disperses from target material, and exist on the outskirts, and can generate the elevated- 
temperature high density plasma stabilized continuously, and its system. 
[0014] 

[Means for Solving the Problem] The laser plasma generating approach by this invention makes the matter 
of a solid-state and/or a liquid target material. In case target material is heated and the elevated-temperature 
high density plasma is generated by carrying out convergent radiotherapy to this target material, using the 
pulse beam by laser as the main laser beam In addition to the plasma production procedure which plasma- 
izes the target material which carried out convergent radiotherapy of the convergent radiotherapy point on 
the front face of target material, and was evaporated on the front face of target material, it has the target 
material preheating procedure and/or the particle evapotranspiration procedure using the main laser beam. 
[0015] A target material preheating procedure prepares the light beam for preheatings, carries out 
convergent radiotherapy of the convergent radiotherapy point of the main laser beam on the front face of 
target material, and heats it beforehand, target material is made to evaporate further from liquefaction on the 
front face of target material, and the jet gas fluid of the high density by electric almost neutral target material 
is made to blow off perpendicularly on a front face. Moreover, a particle evapotranspiration procedure 
prepares the light beam for evapotranspiration, and after the plasma is spread, it is transpiring the particle of 
the target material which irradiated the convergent radiotherapy neighborhood of a point, and was generated 
by the convergent radiotherapy of the main laser beam. 

[0016] After the target material which became a jet gas stream from the irradiating point front face 
perpendicularly near the convergent radiotherapy point of a target material front face with the above- 
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mentioned target material preheating procedure blows off, the main laser beam is carrying out convergent 
radiotherapy of the convergent radiotherapy point by the time amount from 5ns to 1 00 microseconds, for 
example, the delay for 2 microseconds, with the above-mentioned plasma production procedure. Therefore, 
the main laser beam will heat the tip of a jet gas stream rapidly. The tip of the jet gas stream in this case has 
about several [ of the target material consistency by the liquid or the solid-state / If] to 1/10 low consistency, 
and forms it into the perfect plasma with exposure heating of the main laser beam. Since the impulse wave 
generated by plasma-ization spreads the interior of flush of a low consistency from a jet gas stream tip and 
arrives at a target material side, whenever [ to target material / impact ] is falling. 

[0017] Thus, as for the plasma production procedure at the time of performing a target material preheating 
procedure, it is desirable to plasma-ize the jet gas stream which had the delay of only predetermined time, 
carried out convergent radiotherapy of the main laser beam to the convergent radiotherapy point with the 
almost same optical axis as the light beam for preheatings from the exposure stage of the light beam for 
prehearings, and blew off by the exposure of the light beam for preheatings. 

[0018] On the other hand, even when the main laser beam carries out direct convergent radiotherapy of the 
target material at a convergent radiotherapy point and generates the plasma, with the above-mentioned 
particle evapotranspiration procedure, after the plasma is spread, the light beam for evapotranspiration can 
irradiate the convergent radiotherapy neighborhood of a point, and the particle of the target material 
generated by the convergent radiotherapy of the main laser beam can be transpired. 

[0019] Moreover, the above-mentioned predetermined time should just be one time amount from 5ns to 100 
microseconds. It is desirable for either [ at least ] the above-mentioned light beam for preheatings or the 
light beam for evapotranspiration to be a sublaser beam. As for the above-mentioned target material, it is 
desirable that it is the KURAIO target material which cools and becomes either [ at least ] liquid-izing or a 
solid state and which is the matter of a gas [ a room temperature ] in inactive chemically. Furthermore, as for 
the light beam for preheatings, and each main laser beam, it is desirable to have the almost same vertical 
optical axis mostly on this front face on the front face of target material. 

[0020] Moreover, with the concrete configuration in the laser plasma generation system by this invention, in 
addition to the main pulse laser generator, it had either [ at least ] the light beam generator for jet gas stream 
formation, or the light beam generator for evapotranspiration, and has the optical-system member and the 
pulse beam control unit further. 

[0021] The main pulse laser generator generates the pulse laser beam of high cusp power as a main laser 
beam which makes the plasma generate. The light beam generator for preheatings carries out convergent 
radiotherapy of the convergent radiotherapy point of the main laser beam on the front face of target material, 
heats it beforehand, and generates the light beam for preheatings which makes target material evaporate on 
the front face of target material, and makes it blow off perpendicularly as a jet gas stream of high density on 
a front face. After the plasma generated by the main laser beam diffuses the light beam generator for 
evapotranspiration, it generates the light beam for evapotranspiration which transpires the particle of the 
target material which irradiated the convergent radiotherapy neighborhood of a point, and was generated by 
the convergent radiotherapy of the main laser beam. 

[0022] The optical-system member supports the light beam generated among the optical-system members 
which carry out the light guide of said light beam for evapotranspiration to the predetermined range 
centering on the optical-system member and convergent radiotherapy point which carry out the light guide 
of the light beam for preheatings, and condense towards a convergent radiotherapy point, and condense in it. 
A pulse beam control device adjusts the time difference of the pulse irradiation irradiated to the pulse 
irradiation of the main laser beam among the light beam for preheatings, and each light beam for 
evapotranspiration, time amount width of face, and each pulse amplitude. 
[0023] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained with reference to 
a drawing. 

[0024] Drawing 1 is the functional block diagram showing one gestalt of operation of this invention. 
[0025] The laser plasma generation system shown in drawing 1 equips the target material 102 of the vacuum 
chamber 101, a liquid, and/or a solid-state, the main laser beam generator 111, the light beam generator 112 
for preheatings, the light beam generator 1 13 for evapotranspiration, the optical -system member 120, and 
the list with the pulse beam control unit 1 30 as a main component. 

[0026] The vacuum chamber 101 equips the entrance window glass 103 with which the target material 102 
of a liquid and/or a solid-state is made a core, and it makes incidence of each beam to the convergent 
radiotherapy point 110 mostly, and a list with the X-ray mirror 104 and X-ray detector 105 which condense 
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the X-ray generated from the plasma generated at the convergent radiotherapy point 1 1 0. 
[0027] The main pulse laser generator 1 1 1 generates the pulse laser beam of high cusp power as a main laser 
beam 201 which makes the plasma generate. The light beam generator 1 12 for prehearings carries out 
convergent radiotherapy of the convergent radiotherapy point 1 10 of the main laser beam 201 on the front 
face of the target material 102, heats it beforehand, and generates the light beam 202 for preheatings which 
makes the target material 102 evaporate on the front face of the target material 102, and makes it blow off 
perpendicularly as a jet gas stream of high density on a front face. After the plasma generated by the main 
laser beam 201 diffuses the light beam generator 1 13 for evapotranspiration, it generates the light beam 203 
for evapotranspiration which transpires the particle of the target material 102 which irradiated near the 
convergent radiotherapy point 1 1 0 and was generated by the convergent radiotherapy of the main laser beam 
201. 

[0028] The optical-system member 120 carries out the light guide of each above-mentioned beam to 
generate to an irradiating point. It has the condenser lens 122 which carries out convergent radiotherapy to 
the convergent radiotherapy point 1 10 on the front face of the target material 102 as an optical-system 
member of the main laser beam generator 1 1 1 through the reflecting mirror 121 and the entrance window 
glass 103 to which the main laser beam 201 is led. 

[0029] Moreover, after reflecting with the reflecting mirror 121 which the above-mentioned main laser 
beam 201 passes as an optical-system member of the light beam generator 1 12 for prehearings through the 
reflecting mirror to which the light beam 202 for preheatings is led, the same path as the main laser beam 
201 is passed, and convergent radiotherapy is carried out to the convergent radiotherapy point 1 10 on the 
front face of the target material 102. The diameter of condensing of the light beam 202 for preheatings is 
almost the same as the diameter of condensing of the main laser beam 201 , or is adjusted to a little large 
dimension. 

[0030] Moreover, after reflecting as an optical-system member of the light beam generator 1 13 for 
evapotranspiration with the reflecting mirror to which the light beam 203 for evapotranspiration is led, the 
same path as the main laser beam 201 is continuously reflected and passed with the reflecting mirror 121 
which the above-mentioned main laser beam 201 passes, and convergent radiotherapy of near the 
convergent radiotherapy point 1 10 is carried out on the front face of the target material 102. Under the 
present circumstances, compared with the diameter of condensing of the main laser beam 201, the diameter 
of condensing of the light beam 203 for evapotranspiration was enlarged enough, and has prevented the 
leakage in an exposure over a high-speed particle. For this reason, the passage way of the light beam 203 for 
evapotranspiration is equipped with the condenser lens 123 which can adjust independently the condensing 
point of the light beam 203 for evapotranspiration with the condensing point of the main laser beam 201 so 
that it may fully include near the location where a particle disperses and may condense. 
[0031] To the light of P polarization, total reflection is carried out to a reflecting mirror 121, and the 
polarization reflecting mirror which has the property penetrated to the light of S polarization of the same 
wavelength, or the die clo IKKU mirror which has total reflection or the property of transparency with 
wavelength is used for it. 

[0032] The pulse beam control device 130 controls the generating stage of each pulse-like beam, controls 
the light beam generator 1 12 for preheatings, and makes the light beam 202 for preheatings emit light in 
advance of radiation of the main laser beam 201 from the main laser beam generator 111. Moreover, the 
pulse beam control device 130 delays only the controlled time amount to the synchronizing signal received 
from the main laser beam generator 111, controls the light beam generator 1 1 3 for evapotranspiration, and is 
making the light beam 203 for evapotranspiration emit light. 

[0033] Furthermore, the laser plasma generation system shown in drawing 1 is equipped with the source 131 
of the illumination light, a detector 132, and its signal-processing machine 133. The source 131 of the 
illumination light generates the illumination light which irradiates the particle emitted to the space near the 
convergent radiotherapy point 1 10 on the front face of the target material 102. The detector 132 detected the 
illumination light scattered about or penetrated, and the signal -processing machine 133 carried out signal 
processing of the detection information, and it has notified it to the pulse beam control unit 130. In the pulse 
beam control unit 130, emission of the particle in the space near the convergent radiotherapy point 110 can 
be recognized from the processed signal. 

[0034] The main laser beam 201 of the shape of a pulse by which incidence is carried out at the convergent 
radiotherapy point 110 of the target material 102 is the thing of high cusp power and a high repetition mold. 
[0035] For example, in a certain laser plasma generation system, the main laser beam generator is emitting 
the pulse-like main laser beam which has the laser wavelength of 1 micrometer, pulse energies 0.7J-1.0J, the 
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pulse width for 1 Ons, and the repetition frequency of 1 0Hz - 1 kHz. Convergent radiotherapy of this main 
laser beam is carried out to the front face of target material with about 1 00-micrometer diameter of 
condensing as a convergent radiotherapy point. In this case, about 1012W (power flux density) /of laser 
reinforcement on a target material front face is set to 2 cm. On a target material front face, the plasma of the 
elevated-temperature high density of the diameter dimension of condensing is mostly generated by this 
optical reinforcement, and an X-ray is emitted from this plasma with it. The plasma of the generated 
elevated-temperature high density expands at high speed, within in 100ns, is diffused and is extinguished. In 
order to acquire regularly the pulse plasma which operated the main laser beam with the repetition 
frequency of 10Hz - 1kHz, and was stabilized, for every pulse, the front face of a new target ingredient 
follows a convergent radiotherapy point with a rotation cylinder or an endless rotation belt, and is supplied. 
[0036] Next, the light beam situation in the circumference of the convergent radiotherapy point 110 which 
combines and refers to drawing 1 to drawing 2 , and emits light by the pulse-like main laser beam 201 is 
explained. Drawing plans the facilities of explanation, and since the ** type-izing, contrast of the magnitude 
of each beam or time amount width of face is for reference. 

[0037] First, only the duration deltat which drops to 1 /about 10 of this time amount tp heats the convergent 
radiotherapy point 1 10 by convergent radiotherapy to the time amount tp in which the light beam 202 for 
preheatings which generates a jet gas stream is from 5ns preceded with the exposure of the main laser beam 
201 to 100 microseconds. Under the present circumstances, the target material 102 of the convergent 
radiotherapy point 110 can be raised to evaporation temperature by heating the target material 1 02 at a rate 
early enough compared with heat conduction. Moreover, the pulse of the light beam 202 for preheatings has 
the loose rise time which does not generate a powerful impulse wave on the front face of the target material 
102. Consequently, an ingredient component serves as a neutral atom and a molecule, and is evaporated. 
Therefore, although the target material 1 02 is lower than a solid-state / liquid consistency, it becomes a 
high-density jet gas stream, and expands perpendicularly on the front face of the target material 102. 
[0038] When the main laser beam 201 heats the tip of the above-mentioned jet gas stream strongly and 
makes it ionize with the pulse width for 10ns in this condition, the plasma of elevated-temperature high 
density is generable. Since the above-mentioned jet gas stream serves as a buffer, that most is reflected on 
the front face of the target material 102, the interior of the target material 102 is not destroyed directly, or 
the shock wave generated in connection with this plasma heating is not heated directly. That is, the particle 
emitted from the target material 102 is controlled sharply. 

[0039] When the high-speed particle of the high-speed minute fragment 102 of the target material 102, i.e., 
target material, occurs in spite of this control, it is emitted by the time delay for 0.1 to about 1 microsecond 
to the irradiation time of the main laser beam 201 . The rate of this high-speed particle is 1 or less km/s, and 
the diameter of that high-speed particle is 10 micrometers or less. 

[0040] The time of flight taken for a high-speed particle to arrive at the space distant from the front face of 
the target material 1 02 about 2mm is about 2 microseconds. Therefore, when only the time amount from 2 
microseconds to 4 microseconds carries out incidence of the light beam 203 for evapotranspiration toward 
the front face of the target material 102 later than the pulse of the main laser beam 201 for about 1 
microsecond, the above-mentioned high-speed particle can be irradiated synchronously. 
[0041] Next, drawing 1 and drawing 2 are combined and referred to to drawing 3 and drawing 4 , and the 
relation between a jet gas stream, the light beam for preheatings, and the main laser beam and the relation of 
the particle of target material and the laser beam for evapotranspiration which disperse in a list are 
explained. 

[0042] Drawing 3 is the explanation perspective view showing one gestalt of the operation in the convergent 
radiotherapy neighborhood of a point of drawing 1 . Drawing 4 is a chart which shows one gestalt which 
standardized the consistency by the solid-state consistency about the spatial distribution of the gas 
consistency in the jet gas stream generated from the convergent radiotherapy point of a solid-state target 
material front face in drawing 3 . 

[0043] Although the light beam 202 for preheatings is shown in one half of the magnitude of the main laser 
beam 201 in drawing 1 , as shown in drawing 3 , near the convergent radiotherapy point 1 10, both both that 
were condensed become the beam of the same configuration mostly. The light beam 203 for 
evapotranspiration has the magnitude which includes the diffusion range of the high-speed particle 2 1 1 of 
the target material 102 emitted from the convergent radiotherapy point 110, and is irradiating near the 
convergent radiotherapy point 110. 

[0044] The light beam 202 for preheatings generates the injection gas stream 210 perpendicularly on the 
front face of the convergent radiotherapy point 1 1 0 by preceding with the exposure of the main laser beam 
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201, and carrying out convergent radiotherapy of the convergent radiotherapy point 1 10. In this condition, 
the main laser beam 201 carries out convergent radiotherapy of the tip of the injection gas stream 210, and 
plasma-izes the injection gas stream 210. 

[0045] The high-speed particle 21 1 is concentrating distribution of the include angle emitted from the 
convergent radiotherapy point 110 inside the cone field 212 of less than about 30 degrees to the normal of 
the field of the target material in the convergent radiotherapy point 1 1 0. Therefore, the light beam 203 for 
evapotranspiration has width of face of about 2mm perpendicularly on the field distant from the target front 
face 1.7mm between convergent radiotherapy point 110 absentminded, and it is irradiating with the vertical 
line from the convergent radiotherapy point 110, and the time delay which makes the same axle mostly and 
which mentioned above the inside of the exposure field whose die length is about 1.7mm, and which has the 
shape of a cylinder mostly so that it may be illustrated. 

[0046] For example, as an optical beam parameter, in having pulse energy 1 OOmJ, the pulse width for 2 
microseconds, and the wavelength of 1 micrometer - 10 micrometers, the reinforcement (power flux density) 
of the light beam condensed in the exposure field with an above-mentioned diameter of 2mm serves as 
1.3x106 W/cm2. When a mass consistency is (Xenon Xe) solid-state target of about 3 g/cm3, it is less than 2 
microseconds of pulse period width of face, and since the mass vapor rate of the target material irradiated by 
this light beam reinforcement is mostly set to 5x103 g/cm2/s, while irradiating the light beam, the depth 
which evaporates directly amounts to about 30 micrometers. Therefore, the high-speed particle which has 
the diameter of 1 0 micrometers or less is fully transpired and evaporated. 

[0047] The timing which makes the light beam 203 for evapotranspiration emit light is the luminescence 

time amount controlled by the pulse beam control unit 130 as shown in drawing 2 . 

[0048] The source 1 3 1 of the illumination light illuminates the exposure field of the light beam 203 for 

evapotranspiration. When a detector 132 carries out monitor detection of the quantity of light of the 

transmitted light of this exposure light, or the reflected light, or the image of the particle which disperses in 

an exposure field, the time of arrival of a particle can be measured and recognized. 

[0049] Although the object for prehearings and the object for evapotranspiration are made into the light 

beam, when considering as a sublaser beam other than the main laser beam in the above-mentioned 

explanation, the effectiveness of heating or evapotranspiration is large. Moreover, although it has both light 

beam generator for preheatings, and light beam generator for evapotranspiration, either can also fully control 

generating of the particle emitted from target material as compared with the former. 

[0050] Since that it is the KURAIO target material which cools and becomes either [ at least ] liquid-izing or 
a solid state and which is the matter of a gas [ a room temperature ] in inactive chemically can avoid 
deposition adhesion of an X-ray optics component or the target material to an X-ray detector and the plasma 
is generated effectively, target material is desirable. 

[005 1 ] Furthermore, the light beam for preheatings and each main laser beam can demonstrate the same 
function as the above, if it is the configuration of the optical-system member to which the main laser beam 
can hit directly the jet gas stream generated even if the optical axis leaned to less than 70 degrees to vertical 
axes to have the almost same vertical optical axis mostly on this front face on the front face of target 
material, although it is desirable since the main laser beam can hit the generated jet gas stream directly 
easily. 

[0052] Thus, the above-mentioned publication shows and explains suitable data with reference to each 
drawing. However, it can change into the configuration of the configuration illustrated and explained, 
magnitude and a mutual location, quantity, etc., and a list in the range which fills the function mentioned 
above about combination although it had relation mutually, and this invention is not limited to the above- 
mentioned publication. Furthermore, in the above-mentioned explanation, it can apply also about use of the 
plasma generated although the example which emits an X-ray from the plasma was explained, for example, 
thin film formation etc., and the above-mentioned explanation does not limit this invention. 
[0053] 

[Effect of the Invention] Since according to this invention convergent radiotherapy of the jet gas stream of 
the high density formed by evaporating target material by preheating was carried out and it is plasma-ized as 
explained above, generating of the high-speed particle by target material can be controlled. Moreover, since 
the fragment particle emitted from target material can be heated by the light beam for evapotranspiration 
adjusted in time after laser plasma production and this can be made to evaporate and evaporate, like the 
above-mentioned preheating, emission of the high-speed particle by target material can be controlled, and 
can be extinguished. Furthermore, these combination can make the high-speed particle generated in addition 
in plasma-ization by preheating evaporate and evaporate nearly completely by the light beam for 
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evapotranspiration. 

[0054] Consequently, since multilayers or an X-ray detector of an expensive X-ray reflecting mirror etc. 
which reflects the X-ray emitted from the plasma is not damaged and only very small space is needed for 
evapotranspiration, an X-ray reflecting mirror, an X-ray detector, etc. can be arranged near the target 
material, and formation of the bright optical system which receives the X-ray to generate is attained, 
therefore — being unnecessary in exchange of an X-ray reflecting mirror or an X-ray detector — carrying out 
~ semi — it is effective in it being continuous and making it possible to generate the punctiform practical 
plasma. 
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high-temperature and high-density plasma without 
damaging surrounding optical elements, an X-ray 
detector and the like by flying of fast fine particles from 
a target material. 

SOLUTION: Since plasma is formed by irradiating a 
leading edge of a high- density injection gas stream 
formed by heating and vaporizing a target material 102 
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evapotranspiration timely controlled to be evaporated or 
vaporized, whereby release of the fast fine particles by 
the target material can be prevented and extinguished. 
Accordingly, the fine particles still generated by the 
formation of plasma by the preheating are almost 
completely evaporated or vaporized. 
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X«%**-rSX««l 0 4*J<fctfX«tftm81 0 5* 

[0 0 2 7] ±;nVI/XU— ifMSSl 1 ltt, ^X 10 

v*^£^i±siu-iftr-A2 o i ±i,TWJ±m^y 

e-A2 o i a^rawjA i l o wan 

gSU jf-y 9 1 0 2(DWm~e*-yv bttl 0 2 

:*tr-A»£«fi i i3(i, ii/- tfbr-A2 0 l*c<fc 
©ittfiS*JSI#L/Tiu-if tr-A 2 0 1 ©SyfcflHIWc <fc 20 

Rffl36^- A2 0 3 
[0028] 1 2 0 Bf££T&_hIB^~-A^ 

ti*ft*H«kafc»36-r*. »ffc:-A**igtl 

<JS**«1 2 1 iAIt^^X 1 0 3*9l/T*r* r 7 

h *t i o 2 oammuiaHBja 1 1 o Ksstj^s-e-s 

jg3fcU>Xl 2 2 <&tlTb*S. 
[0 0 2 9] ?»J*^-A^gKl 1 2<0% 

**»W4Lrtt % W»«*^-A2 0 2*»<Sl*g| 30 

2 irS*fb/cO%, £U-1ftf-A2 0 1 £I*M!£SS 

Mstl 0 2 ©*B5T > *3fe«» £ 1 1 
0 CC«3tMMrt-*. f»J3£tf-A2 0 2 ©Jfcjfefctt* 

u-iftf-A2 o KomxMtmmtfr, *fci«>-*> 

[0 0 3 0] 3K«[«*e-A«4«Bl 1 3<E># 

T > JS*fL//c©^±IBiU-1fe-A2 0 l^ililT^S 
*#« 1 2 1 TJSttU «<r>T±U— ?f tf-A2 0 1 tWl 40 
— ISB4iIjfil/T#-y* h*t 1 0 2CD^ffirm*^H 
Al l 0©ffi€l**^MWT€>o c©«t % ^fyB3fce- 

A 2 0 3<Dill7fc&»£U-1f bT-A2 0 1 <D**©Cjfc 

t-A2 0 i©i*j4i4ttaa:i/tiilt*5tt6i/> 

xi 2 3^{i^e»nri^ 0 

[0 03 1 ] JSS*^ 1 2 1 CCtt, P0J*©*fC*f LTtt 50 
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[003 2 ] ^Vl/X tf-AfflffllSSB 1 3 0 fct % K;l/Xtf 

<DSbr-Ao^*B#sa*$fjffli*r^4>cD-c*i>T, mra 

*e-A»ft««i l 2*mpi,T£u— »ft:-A2S£ 

ggl 1 l#>6£U-1ffcf-A2 0 1 <Dtt»{«fcfi%* 
«t:-A2 0 2£2S7£3#£„ /^Xfcf-A 
Mtt&Sl 3 0tt, iU-1ffcr-Aft^$|Sl 1 1^6 

ISMt-A^ggi i 3*«»ur&WB#e- . 

A2 0 3£ffefc3-t*T(,>&«, 

[003 3 ] JgK, BHC^hSU^lf^XvSt 

^x^a&cb, mwytmi 3 1 kusi 3 2, fc^o* 

*©fi#«HS 1 3 3&ffi*.Z>HX\,>Z> 0 JRWftfcSSl 3 
1 ttir-y* 2 <Daffi±r*36R8StjS 1 1 0 0 

ifi^cD^pa *c&m 3 n s »tw- * ass* r 5 raw* 
*r* 0 tfewsi 3 2«, tSESLsrcttSia-rsM^**! 

^ji/^tr-AjOffl»ai 3 o^iifcJLrn*. /^u^tr 
- A3Hj®i£ig 130m 3 n/cM-^^> %m%MM 

[0 034] *— y?r h»l 0 2OflUm0ttjAl 1 0^ 
AW3tiS^^ttO3EU-1ffcf-A2 0 IB, iSl^ 

TB. U-lfiSSl am, 7J- 
1. 0J 4 /<JWB10ns. teJc^ttilLHiftttl 0 
Hz-1 kH2%WS"S^^ttO^^-tft:-A*, 
±U-1ftf-A^«B:W^LTl>&. C<Z>£U— 9* 

ooMmoa^a-cjwtiHWsn*. c©»^ 

lOHz-l kHz-CttfPS-a-rSfSLte/^X^X 

[0 03 6] ^CK, S2^H1 ttt«#JKl,T'W;*tt 
©*U^1f^-A2 0 lfcJ:»)»*rsJ|ytJH»jai 1 

oo«iaoctews3i£br-AttiaccobirBi?8"r*- hb 

[0037] sr, mm# z>¥?mytv- 

A202^ ^U-1ftr-A2 0 KDffimtrCMT'fZS 
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ns*6100/zs £X'<D$>2>&fffit pK\ C©B#H t 

p©taii 1 o#© 1 £&*ai&B$raA t tciimytmmg. 

1 1 0£*#Mt*«:J:«3iJDS&-r£>. C©Bg v *-y? h-' 

t* i o 2 £&£ss<t tb^-c+^tc^^iis-r-fti^-rs c 
tic**), mftmM&i i o©ir-y> n*i o zzm. 

0 2©AW;UJ«l»«iSift*3»-y?> htt 1 0 2 

Tm^brs. fito-r. $-y» n*i 02#@t£/j£& io 

<;» h» 1 0 2©^SKSi£:frr6KClS3ET£. 
[0 03 8] C©ttS-CiU- ift-A2 0 1*S. Wx 

n*i o 2<D^®r-e©5fei**ssw$n, 
Mvti o2©rt§p*ii:«ss«UcO*fcBig:^ni^ 

T£C£tt£rt,>. -r^tfcfe. *-y«, |-#i o 2*>£8t 20 
Hi 3 ft* tfetfrf t£*tttc*HH 3 ft -5. 

to 03 9] c<DmmK.i>mt>b-r. ^-y^tiio 

2 ©l»iIS»/W&H\ hfcfl 0 2©iSj£ 

i»?iw»tts»6. iu-ftr-A2 o \<omsim 

fSUCttVX 0 . l(is*e.lws fia©>IS£B# mxl&m 
Sft*. C<DiS5jS{a^OjiS« lkm/s OTT* 

*). zv-mmdm^ommiz 1 o /imtiT-r^So 

[0040] SfSStfif^ Z-fv M* 1 0 2©SI®#> 
6 13:122 m mfttft/c^HJCf flitT * £ r-tc^-T •SMf B# 

SBBB2//st*4. se-^r, tftr-A2 0 l 30 

Jf-y? H*l 0 2©at®tcro]-5-C2Ms#>e>4as£ 

-c©b#p^/c w a» 3 ittcm^. mm l x±.§&mmm&- 

[0 04 1 ] -XX.. @3*jJ;^4lc > IlfcJ:[^l2 

amm l x mm tfxm. t ^mmx tr- A*jj:cFiu 
-tft-A<h©K&. mftcmntzz— Vv bttom 
ft.* tm&m u -if tr - a <t ©kg^c 01 > •ciftB^ & . 

[00421S3I1. SI ©*3fc^*©jfi#(C*i» 6 

[ 0 0 4 3 ] m 1 (Cfc^T^f&fflftfcf- A 2 0 2 U 
— !ftr-A2 0 l©l/2©*#3lc^3*vrt,>£#, 

1 o©ja^-c«, sstt^iSft-Sxfc^fc:, 

ffcffl#fcf-A2 0 3tt^KfigSrf^l 1 0*>6&m3tl^ 
*-y?Hstl02 ©WiS^t4^ 2 1 1 ©ftUt&Hfc'S 50 
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TV*. 

[0044] f«^-A20 2(*. iU-ft-A 
2 0 1 ©Hf#f(C$fcff LTJ|y6IH#f£ 1 1 0 *»Mt 
5Ci(CJ;i3« ®W#*ifc2 1 0£*3£figiiSl 1 0© 

A2 0 1 K«tt#*&k2 1 0©$fc3gj**MWU "IS* 
#*liiS2 1 O^T^Xvfff S. 

[0 04 5] 1 1 a**3femf.£ 1 1 0 *>& 

ianisn*fta©^7pB t *mb.£i 1 otc«m«> 
-y? h«©E©a^Ki^L/ % tj«3 ogjwrtcnit^ 

*H$2 1 2©F l 3ffltC*4 J L."ri,>£. Se-,T t E^Sft* 
J^fc. JKtWB*tf-A2 0 3 5*. 1 101 

©^RBGCfcl^T. Vmmfrh 1. 7mmitti/c 

ffi±TSii:fc««2mm©tg5rWL> 1 1 0 

^^©SEiStaiJIlI^^-r. g3*J««l. 7 mm 

©&itfR©iK£W-r£j^f«©rtffi'J ; &, ±asu/cjis 

B$H =Sr & -5 r Ml* b T t » . 

^i^Jl.f-lOOmJ, s*)lX«&2 us, *5J:i>*jgS 
1 um~ 1 0 Mm4#-r*ig^(C«, ±IEiaS2mm© 

pj*««rt«:*^$nfc*^-A©?aia mtimm « 

1. 3xlO'W/cm J i>3r-&. C©3tf-A?&ttT 
JHHStifc h*t©BfijR»iiSBaU5 x 1 0 

» g/cm ! /s iift-5©^ Wfi^S* J «S3&/c 
m s ©+*^> (Xe) WW$-tf -y h©l#^ 
B#ISiliI2 y sJWF«3t?. 3fetf-A?rB?.«U-Ci,»-5.KKiE« 

m&rzmsmms ovmtcm~rz>. i^t, 1 o u 
mUT<Dm®z&? zmmwtisL+a+fticmfc • ^bs 

[0047] ^fJ(ffl^t-A2 0 3^^3-lfS^-Y 3 
1 3 Ot,C£<omW2titc&ft!ftfflX&2>. 

[0048] m*ji%m 1 3 1 itmnm^- a2 03© 
«Mf***jBwrrs. c©ssw^©sa3tfe l-< «sw 

^asi3 2*j*-i'-^mtsci(cif3 > ®e^© 

[0049] ±.§zmwxte. ?mR}*5j:v : mmi$:ftv 

- A i U T t » £ U -if f- A i (iglj©gj U— !f t - 

Att"&«^ M»*/c«^tSt©38!)*^#t>. S/c. 

^i&mfc f - a ^sisfc <fc ^sffl^ tr - A^^g 
©M^«r<t^.4iL//c*i. t»r*i*>— ifct. ^-y» 
j!p h mi 3 n s st^©^* =&ta£3fe<t ib® o r 

[0050] ^-y? HvtB?ft*Pb-c?g*{bfeJ:o t @» 
{b©4>ft < tb-J]icrj:2>{k¥mt l tteT&&xm.Uxte 

ifi. xi^t ^ s fctj x it as^© ^ - y i- n*© 
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[005 1 ] JgK\ *«MB*fcr-A*j«t0f3EU— tfhf- 

m # * m * ± u - if tr - a m ic ft s r * s cd ra * 

[0052] CCD J: 5 tc, ifEieig-Cte, isE-en^n 10 
^fti'QflfcL ttCftCtt^-tttCO^-Ctt. taste 

BISK £ic HQ L/ X ©ffi pJtfer * 0 ±ISt£9J tf^lfesg £ 
[0 05 3 ] 20 

Wttffl*«BWL«»S*SCi*ST#* B IPC, Cti 
[0 0 54] C<D«8*, ^Xv*6jB»Sti*X«l* 

X«SrgWS5B*C»j6^3R©JBflE3&SpJtfii«c4. S£o 
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[02] HiccfewsAji/^ttoiu-tftr-Aoa* 

[S3] miomftmm&<Dft®ic&vzmm<D'-i&m 

[04] 03«:*jCiT, Msf3lffi©**fl8 

1 0 1 Jtffi** W<r- 
1 0 2 htt 

103 AWStf^X 

1 0 4 Xtttt 

1 0 5 xtu/ana 

I 1 0 JtXJRMA 

I I 1 ±u-ire--AA£tti 

1 1 2 1Hlftffl*^-A«*«« 
1 1 3 f£fM#fcr-A|fe££Sg 

1 2 0 JfeWRSH* 

1 2 1 j£*fg! 

1 2 2, 1 2 3 3l7fcU>X 

1 3 0 tr - Awiasta 

13 1 fgHftfeM 

1 3 2 tfctfJS 

1 3 3 I^I§ 
20 1 £l/-1f^A 
20 2 ^flKfchT-A 

20 3 ^ffcfflfttf-A 

2 1 0 "©a»#x«s 
211 • mmm* 

2 1 2 PMH&ttttt 
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[H3] 



208 





z een 



